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Abstract—Hybrid materials designed for the regeneration of bone defects and consisting of a resorbable
ceramic base (tricalcium phosphate, TCP) coated with a layer of hydrophilic biodegradable polymer have
been developed. Biocompatibility of the ceramics was evaluated through in vitro tests using cultures of human
skin fibroblasts. To increase the therapeutic potential, the created model structures were saturated with the
antitumor drug doxorubicin within the composition of the coating of UV-polymerizable hydrogel based on
polyacrylamide/polyethylene glycol diacrylate (PAA/PEGDA). The kinetics of drug release was studied by
spectrophotometry using saline. The studied hybrid constructs had low cytotoxicity. Saturation of the struc-
tures with the antitumor drug resulted in its prolonged release. The results demonstrate the technological fea-
sibility of creating osteoconductive implants based on calcium phosphates suitable for local delivery of anti-
tumor drugs.
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INTRODUCTION

Tissue engineering constructs (TECs) are used in
regenerative methods of treatment to restore biologi-
cal functions of the bone. Creation of TECs for the
treatment of bone defects is especially important when
the size of the defect exceeds the critical level and the
body’s own capabilities are insufficient to restore bone
tissue [1]. TECs are based on biodegradable porous
matrices (scaffolds) populated by cells capable of bone
formation. In recent years, the problem of targeted
delivery of drugs to bone defects as part of TECs has
been interdisciplinary as a result of the convergence of
regional chemotherapy methods and additive technol-
ogies for the manufacture of scaffolds for tissue recon-
struction of bone defects of various, including onco-
logical, origin. The very concept of using such func-
tionalized constructions is due to the widespread
metastatic damage to bone tissue, the frequency of
which reaches 65–75% for breast and prostate cancer,
about 60% for thyroid cancer, and up to 40% for cases
of lung and kidney cancer in patients with these nosol-
ogies [2]. The use of scaffolds filled with antitumor

drugs can significantly reduce the likelihood of metas-
tasis of osteosarcoma [3–5].

Such TECs are based on 3D-printed macroporous
calcium phosphate ceramics which have an optimal
architecture (with regular, interconnected macropo-
res) [6, 7] and contain a cytostatic drug of the anthra-
cycline, platinum, or taxane group. To ensure pro-
longed local chemotherapy immediately after surgery,
it is required to have an additional layer on the surface
of TEC to inhibit the release of the drug. Hydrophilic
biocompatible polymers, hydrogels capable of swell-
ing, are often used as such a layer [8, 9]. There are var-
ious methods of crosslinking in polymer solutions for
their gelation [10, 11]. In terms of rheology, hydrogels
are viscoelastic bodies capable of sufficiently large (at
least 10%) reversible deformations; a viscous element
helps relaxing the stresses arising from deformation.
This is important for the tight fit of TEC to edges of
the bone defect, which is a fundamental requirement
for effective osseointegration of the implant. In this
work, we used polyacrylamide (PAA) hydrogels cross-
linked with polyethylene glycol diacrylate (PEGDA)
during photopolymerization. A layer of hydrogel was
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Table 1. The composition of the obtained hydrogels based on AA and PEGDA

Properties
Composition no.

1 2 3 4 5 6

PEGDA content in gel, ω, wt % 0.625 1.00 2.00 5.00 1.00 35.00
mAA, g 2 2 2 2 2 2
mPEGDA, g 0.0125 0.02 0.05 0.1 0.2 0.7
mphotoinitiator, g 0.0201 0.0202 0.0205 0.0210 0.0220 0.0270
NAA/NPEGDA 1576 985 394 197 98 28
deposited on the surface of tricalcium phosphate
ceramic, β-Ca3(PO4)2 (TCP). The ceramic and/or
hydrogel layer were filled with a cytostatic drug from
the anthracycline antibiotic group, doxorubicin (8S-
cis)-10-[(3-amino-2,3,6-trideoxy-α-L-lyxo-hexopy-
ranosyl)oxy]-7,8,9,10-tetrahydro-6,8,11-trihydroxy-
8-(hydroxyacetyl)-1-methoxynaphthacene-5,12-dione
hydrochloride.

The aim of this work is to develop techniques for fab-
ricating cytostatic-filled TECs on model structures with
a flat TCP-ceramic/hydrogel interface and to investigate
the kinetics of drug release from these structures.

MATERIALS AND METHODS
Obtaining β-TCP Tablets

TCP ceramic was obtained in the form of tablets
with a diameter of 6 mm and mass of 100–105 mg by
pressing β-TCP powder (chemically pure) in acetone
for 1.5 min at a pressure of 3 atm. Sintering was carried
out in a muffle furnace at 1100°C for 6 h. At the end of
sintering, the following parameters of ceramic tablets
were measured: mass, diameter, and height.

Precipitation of Carbonate Hydroxyapatite (CHA) 
on β-TCP Tablets from a Simulated Body Fluid (SBF)

In order to obtain bioactive coatings on the surface
of β-TCP tablets, CHA was precipitated during ther-
INORGANIC MATERIALS: APPLIED RESEARCH  Vol.

Fig. 1. Stages of coating the TCP tablets with hydrogels: (1) intro
its irradiation; (2) turning over a partially polymerized gel; (3) ad
(5) removing the gel-coated tablet from the well and placing it o
polymerization is complete.

1 2 3
mostating in 5×SBF for seven days at 37°C. After
seven days, the tablets were separated from the solu-
tion, washed with ammonia solution (pH 10–11), and
placed in a drying chamber at 60°C for one day.

Hydrogel Layer Application
The organic component of the used composite

consisted of a hydrogel based on acrylamide (AA) and
polyethylene glycol diacrylate (PEGDA) with a molar
mass of 700 g/mol. To obtain such gels, 2 g of acryl-
amide powder was dissolved in 8 g of saline (0.9%
aqueous sodium chloride solution) while stirring.
Then six gels of different compositions were obtained
(Table 1) by adding the corresponding volume of
PEGDA (density 1.12 g/mL at 25°C) to the existing
solution.

The amount of APi-180 photoinitiator (2-hydroxy-
1-[3-(hydroxymethyl)phenyl]-2-methyl-1-propanone)
added to each specific gel composition was calculated
as 1% of the total mass of the organic component.
Figure 1 shows the sequence of operations. In some
experiments, the hydrogels were dried in air at room
temperature and in a sublimator, followed by cycles of
swelling in saline.

X-ray Phase Analysis (XRD)
Qualitative X-ray phase analysis was carried out

using a Rigaku D/Max-2500 rotating anode diffrac-
 11  No. 5  2020

ducing 50 μL of a gel solution into a well of a plate and initiating
ding the TCP tablet; (4) adding 50 μL of gel and re-irradiation;
nto a glass slide, followed by exposure under a UV source until
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tometer (Japan). The diffraction patterns were
recorded in reflection mode (Bragg-Brentano geome-
try) using CuKav radiation in quartz cells without rota-
tion averaging. XRD parameters: range of angles 2θ =
3°–70° in steps of 2θ ~ 0.02°, spectrum detection rate
5°/min. For spectrum correction, silicon powder
(ASTM) was used as an internal standard. Qualitative
analysis of the obtained X-ray diffraction patterns was
carried out in the WinXPOW software program using
the ICDD PDF-2 database.

Scanning Electron Microscopy (SEM)

The microstructures of the samples were examined
using a LEO SUPRA 50VP field emission scanning
electron microscope (Carl Zeiss, Germany), as well as
a FIB NVision 40 electron microscope (Carl Zeiss,
Germany). For this purpose, a layer of carbon or chro-
mium was deposited on the samples (QT-150T ES
sputter coater, Quorum Technologies, United King-
dom). The accelerating voltage of the electron gun was
3–10 kV. Images were obtained at magnifications up to
×100000 using a type II secondary electron (SE2)
detector.

Investigation of the Kinetics of Drug Release

Two types of experimental conditions were used:
(a) static conditions at 25°C, that is, the structure sat-
urated with hydrogel was always in a constant volume
of saline solution; (b) dynamic conditions at 37°C, the
saline solution was changed after each measurement.

(a) Static conditions. Previously dried samples
were placed in sealed beakers, one sample per beaker
containing 8 mL of saline. The absorption spectrum of
the doxorubicin released into the solution was mea-
sured at several time points: 0, 2, 4, 6, 8, 10, 25, 50,
100, and 200 min. Before each measurement, the solu-
tion in the beaker was mixed and using an automatic
pipette 3 mL was transferred into a quartz cuvette 1 cm
wide. After the measurement, the doxorubicin solu-
tion was transferred from the cuvette using the same
pipette back into the beaker and hermetically sealed
until the next measurement. In some experiments, the
solution was diluted 6-fold before spectrophotometry.

(b) Dynamic conditions. Two methods of intro-
ducing the drug into the construct were employed:
(1) a ceramic tablet was impregnated with a layer of
doxorubicin, and then a layer of hydrogel was applied
to the tablet; (2) a layer of hydrogel was applied to the
tablet and dried, and then the hydrogel swelled in a
solution of doxorubicin (similar to experiments under
static conditions). A ceramic tablet impregnated with
a solution of doxorubicin was sometimes used as a ref-
erence sample. The constructs were placed in contain-
ers with 3 mL of saline at 37°C; after measurement,
new saline was poured into the container.
INORGANIC MATE
(c) Preparation of standard solutions. First, 0.12 g
of doxorubicin (TEVA) was dissolved in 25 mL of
saline and stirred until the precipitate was completely
dissolved. Then 0.125, 0.2, 0.25, 0.375, 0.5, 1, 1.25,
2.5, and 5 mL of the obtained standard solution were
added to nine measuring containers, after which saline
was used to bring the volume to 10 mL. For analysis
and calculation of a calibration curve, the solutions
were transferred to quartz cuvettes with an optical path
length of 1 cm, and spectrophotometry was carried out
in the wavelength range of 300–800 nm (UV and visi-
ble spectrum) using a PerkinElmer Lambda 35 spec-
trophotometer.

(d) Spectrophotometric analysis of solutions. The
measurement procedure was partially described
above. In another series of experiments, similar oper-
ations were carried out up to a time point of 10 min
inclusive. Starting from the 25th minute, 500 μL of
doxorubicin solution was taken from the beaker and
transferred to a clean container, adding 2500 μL of
saline, followed by spectrophotometric measurement.
The concentration of the drug released into the solu-
tion was calculated at the wavelength of its maximum
absorption.

Investigation of the Cytotoxicity of Hybrid Materials

The cytotoxicity of the resulting hybrid structures
consisting of TCP coated with a layer of CHA and/or
hydrogel was evaluated in accordance with GOST ISO
10993-5-2011 [12]. The study was carried out on a
transplanted line of immortalized human skin fibro-
blasts (HFs, strain 1680h TERT, Engelhardt Institute
of Molecular Biology, Russian Academy of Sciences).
For cultivation, we used DMEM growth medium,
10% fetal calf serum (Gibco, United States), 60 mg/mL
L-glutamine, 50 μg/mL gentamicin, and 20 mM
HEPES solution. To prepare extracts from the test
samples, they were placed in glass vials, five samples
per vial, with a total surface area of 3.54 cm2, followed
by addition of 1.2 mL of a nutrient medium.
Extraction was carried out at 37°C in a thermostat
with constant stirring on a horizontal orbital shaker for
24 h. The density of HF cells in the experiment was
5 × 103 cells in each well of a 96-well plate in 200 μL of
nutrient medium. After 3.5 h of HF inoculation, the
growth medium was removed from each well and
100.0 μL of material extracts were added. As negative
and positive controls of cytotoxicity, we used a nutri-
ent medium and a medium containing 50 wt %
dimethyl sulfoxide (DMSO), respectively. The cyto-
toxic effect of the extracts on HFs was evaluated by the
MTT test after 24-h incubation. To calculate the final
indicators of cell survival, the percentage of viable cells
in the presence of a pure nutrient medium was taken as
100%.
RIALS: APPLIED RESEARCH  Vol. 11  No. 5  2020
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Fig. 2. Microstructure of ceramic made of TCP aged in a
5×SBF solution (the exposure time is given below the pic-
tures); accumulation of CHA crystals on the ceramic sur-
face is visible.
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2 μm

2 μm

2 μm
Statistical Processing of Results

Statistical analysis of the data was carried out using
STATISTICA ver. 10.0 software (2011, StatSoft, Inc.,
United States) and Microsoft Excel 365. For the
INORGANIC MATERIALS: APPLIED RESEARCH  Vol.
majority of the studied parameters, we calculated the
average and standard deviation.

RESULTS AND DISCUSSION
Two methods have been tested for the synthesis of

TCP and TCP/hydroxyapatite (HA, Ca10(PO4)6(OH)2)
powders with the required granulometry (d50 at a level
of 1 μm): (a) solid-phase synthesis from CaCO3 and
Ca2P2O7 (obtained by thermolysis of brushite precipi-
tated from aqueous solutions) at 950°C; (b) precipitation
of hydrated tricalcium phosphate Са3(РО4)2 ⋅ хН2О—
amorphous calcium phosphate (ACP) or nonstoichio-
metric HA (nHA) Ca10 – x(НРО4)х(РО4)6 – х(ОН)2 – х
with a reaction pathway given by x (X = NO3,
CH3COOCl):

(1)

It should be noted that all three types of synthesis
make it possible to obtain powders for the fabrication
of TCP and TCP/HA ceramics with the required
characteristics. The disadvantages of solid-phase syn-
thesis include the larger particle size and nonstoichi-
ometry of the initial mixture, which is sometimes
observed in IR spectra (f luctuations of the P2O7
groups). Synthesis through ACP is complicated and
results in aggregated powders with high water content
and high shrinkage during sintering. Thus, solid-phase
synthesis and nHA deposition turn out to be accept-
able for obtaining model (f lat geometry) and macrop-
orous ceramic from TCP and TCP/HA. The solid-
phase synthesis TCP powder after disaggregation in a
ball planetary mill in an acetone liquid medium with
the addition of a surfactant (Triton X-100) for 1 h has a
distribution with an average particle size of ~2 ± 0.5 μm.
The obtained solid-state synthesis powders were used
to obtain ceramic with 15–20% porosity (Fig. 2; in
some experiments, porosity was adjusted to 30% by
etching the ceramic with citric acid) by sintering at
1100°С for 6 h. The ceramic was used to fabricate
2-layer (TCP tablet coated with a layer of hydrogel)
and 3-layer (TCP tablet coated with a layer of CHA
deposited from 5×SBF, a hydrogel layer on top of
CHA) TECs.

Figure 3 shows dependences of the polymerization
depth of photocurable hydrogels on the radiation dose
when using different PEGDA contents. An increase in
PEGDA content to 2.5 wt % results in a slight decrease
in the critical polymerization energy (Table 2), while
the use of 5% PEGDA makes it possible to increase
the reactivity of the composition to obtain PAA-
PEGDA-hydrogel. To increase the reactivity, that is,
the possibility of applying thin layers of PAA-
PEGDA-hydrogel coating, it is necessary either to
increase the concentration of PEGDA, which will
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Fig. 3. Dependence of the polymerization depth on the
radiation dose when using different PEGDA contents to
obtain photocurable PAA-PEGDA hydrogels: (1) 0.625;
(2) 2.5; (3) 5%.

1000 1500 2000 3000

Cd, μm

3

2

1

4000

3000

2000

1000

E, mJ/cm2

Table 2. Data on the critical polymerization energy and
photosensitivity of compositions with different PEGDA
contents used to produce photocurable PAA-PEGDA
hydrogels

PEGDA content, 

%

Critical 

polymerization 

energies, Ec, 

mJ/cm2

Photosensitivity, 

Dp, μm

0.625 756 2733 ± 519

2.5 726 4624 ± 273

5 555 5381 ± 248

Fig. 4. (a) The relative change in the mass of hydrogels
after different sequences of operations: (1) after freeze-
drying/in water before drying; (2) after freeze-drying/after
UV exposure; (3) in water after freeze-drying/in water after
UV exposure; (4) after drying in air/in water after drying in
air; (5) after drying in air/after UV exposure; (6) in water
after drying in air/in water after UV exposure. (b) The
sequence diagram of operations of UV polymerization,
drying (in air or sublimation), hydration, and rehydration.
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result in damage to the applied layer owing to higher
fragility of the gels, or to increase the amount of pho-
toinitiator, which in turn can reduce the biocompati-
bility of the coatings.

Nevertheless, the results of biocompatibility testing
in our experiments (Table 3) suggested that there was
no pronounced cytotoxicity in the used compositions
of ceramic materials and hydrogel coatings. The per-
centage of viable human skin fibroblasts after 24 h of
cultivation in the presence of extracts from hybrid
materials of various compositions was, on average, at
least 80%.

The processes of drying and swelling of hydrogels
are most strongly affected by the freeze-drying of
water-swollen gel (increased subsequent swelling)
(Fig. 4). Two compositions with 0.625 and 35%
PEGDA with irreversible drying-swelling can be dis-
tinguished, that is, weakly and very strongly cross-
linked gels. The microstructure of the gels after freeze-
drying (Fig. 5) is characterized by varying degrees of
structuredness. Strongly crosslinked gels are the most
structured; however, in the range of average concen-
trations of a crosslinking agent (for example, 5%
PEGDA), the gel appears unexpectedly dense; at the
same time, low concentrations of a crosslinking agent
(0.625–2.5%) result in both dense and netted sec-
tions; that is, gels are less uniform. Gels with PEGDA
content higher than 5% were quite fragile; for this rea-
son the gel often peeled off from the TCP tablet or the
gel layer was destroyed. At the same time, gels with
PEGDA content of less than 1% with prolonged swell-
ing in saline or DMEM at 37°C degraded irreversibly
after 1 day. Taking into account the behavior during
swelling, strength, and adhesion of the gel layer, for
further studies, we decided to use PAA/PEGDA hydro-
gels with PEGDA contents of 2.5 and 5%. The LC50

value for the APi-180 photoinitiator is 8.7 mmol/L or
INORGANIC MATE
1.6898 g/L [13]; therefore, for in vitro applications, the
use of hydrogels with the photoinitiator content higher
than this concentration is highly undesirable. For the
obtained compositions, the APi-180 content did not
exceed 0.38 g/L (1% relative to the PAA content),
which suggests relative safety of their use in tissue
engineering.

The red color of doxorubicin, when introduced
into TEC, has both a positive side (when using spec-
troscopic methods for analysis) and a negative side
RIALS: APPLIED RESEARCH  Vol. 11  No. 5  2020
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Table 3. Results of acute cytotoxicity testing of extracts from ceramic disks of TCP, additionally coated with a layer of CHA
and/or hydrogel based on PEGDA/AA

Sample series 

no.
Composition

Viable cell population, 

VCP, %

Cytotoxicity 

index, %

1 Culture medium (negative cytotoxicity control) 100 0

2 TCP 90.9 9.1

3 TCP + CHA layer 81.3 18.7

4 TCP + 2.5% PEGDA/AA 81.6 18.4

5 TCP + CHA layer + 2.5% PEGDA/AA 81.6 18.4

6 TCP + 5% PEGDA/AA 79.8 20.2

7 TCP + CHA layer + 5% PEGDA/AA 78.1 21.9

8 Culture medium with 50% DMSO (dimethyl sulfoxide) (posi-

tive cytotoxicity control)

4.6 95.4
(the absorption maximum of about 480 nm falls into
the absorption band of the photoinitiator). On the
basis of the obtained absorption spectra, we deter-
mined the wavelength at which the detected optical den-
sity of doxorubicin hydrochloride is maximal, 480 nm.
After that, we calculated a calibration dependence to
determine the concentration of doxorubicin at a given
wavelength. Starting with optical density of 2.5, the
absorption curves show noise (Fig. 6a) primarily due
to the insufficient sensitivity of the device (spectro-
photometer PerkinElmer Lambda 35) for detecting
low-intensity radiation transmitted through a highly
absorbing solution. To avoid large systematic negative
errors, it was decided to calculate a calibration func-
tion at an absorption wavelength of 400 nm. The data
obtained at a wavelength of 480 nm were approxi-
mated to a straight line defined by the equation

(2)

where c is the concentration of doxorubicin hydro-
chloride, mg/mL; P is the confidence probability; n is
the number of points; and r is the correlation coeffi-
cient. For a wavelength of 400 nm, the corresponding
dependence has the form

(3)

At both the wavelengths, the lower PEGDA con-
tent in the gel and the lower crosslink density resulted
in a greater amount of doxorubicin transferred to the
external solution. After 100 min from the moment the
samples were placed in saline, the kinetic curve (espe-
cially for weakly crosslinked gels) almost plateaued.
The diffusion rate of the drug from the gel into the
external solution decreased, which can be explained by
the fact that the solution approached the saturation
state. Thus, the lower PEGDA content in the gel cor-
responded to the rapid release of the drug from the
samples (as can be seen from Figs. 6b and 6c, this ten-
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dency can be observed in photometry at both wave-
lengths). Such, at first glance, unexpected behavior
may be the result of nonchemical saturation of the
samples with doxorubicin, that is, the penetration of
the drug into the hydrogel during its physical swelling.
The loosely entangled molecular network inherent in
less crosslinked hydrogels absorbed a larger volume of
the drug solution, providing a natural decrease in the
concentration of released doxorubicin from the first
composition to the fourth. On the other hand, the low
structuredness slowed the diffusion of molecules from
the hydrogel layer into the solution owing to mechan-
ical difficulties. For this reason, doxorubicin was
released longer from less crosslinked gels, which corre-
sponds to the growing proportion of drug release from
the first composition to the fourth.

Under dynamic conditions, the kinetic curves of
doxorubicin release (Figs. 7a and 7b) from structures
with the gel layer containing different amounts of the
PEGDA crosslinking agent reveal the previously
observed trends. The less crosslinked and, therefore,
stronger swelling gel (Fig. 7c) slows down the release
of the drug in comparison with the stronger cross-
linked gels. It should be noted that stronger sorption
and, accordingly, weaker release by strongly swelling
gels were noted in the literature earlier. This is
explained by several reasons: (a) the specific poorly
organized structure of weakly crosslinked gels, (b) the
osmotic f low of the solvent directed into the gel, and
(c) the alignment of the concentration of the drug in a
highly swelling gel and a surrounding solution.

Let us note that, in a situation where the gel acts as
a diffusion-inhibiting layer (Fig. 7b) and the drug is
within a ceramic tablet, the presence of the gel layer
does not affect the release rate too much, although this
rate decreases markedly when the drug is initially in
the gel layer (Fig. 7a). Thus, the limiting stage here is
the release of the drug from phosphate ceramic. Visu-
ally, the tablets remain stained red even after a two-
week experiment. This suggests the presence of spe-
cific sorption of doxorubicin on TCP (apparently,
 11  No. 5  2020
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Fig. 5. The microstructure of the gels after freeze-drying with different PEGDA contents: (a) 1; (b) 2.5; (c) 5; (d) 10; (e) 35%.
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chemisorption). If a solution containing more than 50

mM phosphate is added to a doxorubicin solution in

water, one would observe a coarse-fibrous red precip-

itate (apparently, doxorubicin hydrophosphate). Such

a fact has not been reflected in the literature, although

it is being rather actively discussed privately by

researchers working with this drug.

In general, the release of the drug from the fabri-

cated structures is characterized by a rapid stage that

lasts up to 10 h, during which the release ranges from

10% (when the drug is placed in ceramic) to 60% (the

drug is in a weakly crosslinked gel layer). This is fol-

lowed by a slow release stage, the duration of which is

determined either by the complete degradation of the
INORGANIC MATE
gel (several days at the crosslinking level of 1%) or by
resorption of TCP (at least six months).

CONCLUSIONS

Model hybrid tissue-engineering constructions
designed for the regeneration of bone defects and con-
sisting of a resorbable ceramic base (TCP) coated with
a layer of hydrophilic biodegradable polymer have
been developed.

Biocompatibility of the ceramics was evaluated
through in vitro tests using human fibroblast cell cul-
tures.

To increase the therapeutic potential, the cre-
ated model structures were saturated with the anti-
RIALS: APPLIED RESEARCH  Vol. 11  No. 5  2020
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Fig. 6. (a) UV/Vis spectra of doxorubicin solutions; (b,
c) kinetic curves of doxorubicin release (the method of
injecting the drug into the construct: the dried gel swelled
in a solution of doxorubicin) at 25°C; PEGDA content,
see Table 1, obtained at (b) 400 nm and (c) 480 nm. (1–
4) Samples 1–4.
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Fig. 7. Kinetic curves of doxorubicin release from con-
structs with different PEGDA contents in the gel (wt %:
(1) 0.625; (2) 2.5; (3) 5; (4) tablet) under dynamic condi-
tions at 37°C: (a) the route of administration: doxorubicin
in the gel; (b) the route of administration: doxorubicin in a
ceramic tablet; (c) swelling of the gels.
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tumor drug doxorubicin within the composition of

the coating of UV-polymerizable hydrogel based on

polyacrylamide/polyethylene glycol diacrylate

(PAA/PEGDA).
INORGANIC MATERIALS: APPLIED RESEARCH  Vol.
The kinetics of drug release was studied by spectro-

photometry using solutions simulating physiological

f luids of the extracellular medium of the body. The

studied hybrid constructs had low cytotoxicity. The
 11  No. 5  2020
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drug release from the fabricated structures was charac-
terized by a fast stage lasting up to 10 h, during which
from 10% (when placing the drug in ceramic) to 60%
(the drug in a weakly crosslinked gel layer) of the drug
was released. This was followed by a slow release stage,
the duration of which was determined either by the
complete degradation of the gel or the resorption of
TCP.

These results demonstrate the technological feasi-
bility of creating functionalized osteoconductive
implants based on calcium phosphates for local deliv-
ery of antitumor drugs.
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